Exploring the mechanism of biodiversity maintenance has become a fundamental 12 issue in ecology. To date, many mechanisms have been proposed subject to the niche 13 and neutral theories or the colonization-competition tradeoff. Despite these advances, 14 species-specific dispersal heterogeneities are not well integrated into our general 15 understanding of how coexistence emerges between competitors. Combining both 16 network and metapopulation approaches, we construct a discrete, spatially explicit 17 patch-dynamic model for metacommunities with hierarchically preemptive 18 competition, to explore species coexistence in the shared vs. non-shared dispersal 19 networks with contrasting heterogeneities (including regular, random, exponential and 20 scale-free networks). Our model shows that, in spite of dispersal heterogeneity, 21 species with the same demography (i.e. identical colonization and extinction rates) 22
,
(1) 138 where (≥0) is the number of j-patches (occupied by species j) directly linked to the 139 empty patch i, and is the probability of the patch i being unoccupied by 140 those superior competitors (including species 1,2,3…S). Note that each empty patch is 141 colonized by one of its directly connected occupied patches with an independent 142 probability (c) regardless of species identity.
143
Dispersal networks with heterogeneity 144 We represent the landscape as a graph (spatial network) consisting of a set of nodes 145 (patches) connected by links. The link between two nodes indicates the dispersal 146 potential or frequency between patches. Each node denotes a suitable patch linked 147 9 with a number of other patches (i.e. linking degree k), and links between patches 148 represent species dispersal pathways (i.e. functional connectivity among populations). 149 As such, each type of dispersal network can be characterized by its linking degree (1999) with random attachment. For instance, Fig. 1c according to their competitive hierarchy as well as population abundances (see Eq. 1).
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Finally we record patch occupancy for each species at each time step using their 179 number of occupied patches divided by the network size (i.e. the total number of 180 patches).
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To find the steady state, we preliminarily run the system for a long time, and find 182 that 5000 time steps are sufficient to achieve system stability. 195 We first explore the coexistence of two competitors with the same demography (i.e. average linking degree ( Fig. S14 in Appendix). Furthermore, we find that increasing 231 network heterogeneity increases the parameter space (c/e) for regional coexistence. 
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In contrast to the shared dispersal networks, the non-shared heterogeneous 292 networks greatly promote species coexistence and therefore biodiversity maintenance, 293 more obviously at higher dispersal heterogeneity (Figs 1, 2 & 4) . We further explore 294 the mechanism underlying the competitive outcome by analyzing spatial distribution 295 for each species subject to their specific dispersal networks ( Fig. S4 in Appendix), and 296 relating a patch's incidence (i.e. the proportion of time steps that the node is occupied 297 16 along the dynamics) with its linking degree as well as with the average degree of the 298 patches it interacts with (Figs S15-S18 in Appendix). As observed in Fig. S4 , 299 species-specific dispersal networks with heterogeneity allow species to shape many 300 clusters of occupied patches with the core of the most connected patches, locally 301 forming many self-organized small worlds. This should be ascribed to variability in 302 linking degree across patches, which results in variability across patches' incidence 303 (Figs S15-S16 in Appendix). Obviously, patch incidence grows non-linearly with 304 linking degree (Eq. 1), that is, patches require a minimum degree to stay occupied in 305 the majority of time steps, but patch incidence would saturate after a threshold in 306 degree. In turn, the highly connected patches for the focal species can provide benefit 307 for their directly linked patches in terms of incidence (Figs S17 & S18 in Appendix).
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For example, when comparing patches with the same degree, those attached to the 309 more well-connected patches have a larger incidence (positive feedback). Essentially, 
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When both competitors exhibit different dispersal heterogeneities, they are able to 320 coexist stably, even though the poor competitor displays lower dispersal heterogeneity 321 than the strong competitor (Fig. 3) , again demonstrating that dispersal heterogeneity 322 can weaken interspecific competition and therefore promote species coexistence. 
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A final observation is that increasing network size leads to a monotonic increase in 343 species richness in the non-shared heterogeneous networks, with higher dispersal 344 heterogeneity promoting more species persistence (Fig. 5) 
